The purpose of this article was to review a series of studies (n = 31) on physical characteristics, physiological attributes, and volleyball skills of female and male adolescent volleyball players. Among the main findings were (a) that male national players were taller and heavier than state and novice players, while female national players showed lower body fat values compared with state and novice players, and (b) vertical jump values were higher in starters versus nonstarters. Among the methodological concerns based on the reviewed studies were the lack of information on maturational age and lack of longitudinal studies. It was recommended that a careful selection of physiological tests should be made when assessing the abilities of adolescent volleyball players.
concerns associated with the reviewed studies; and (c) to provide several practical recommendations for volleyball coaches and strength and conditioning coaches who work with both competitive and recreational adolescent volleyball players.
The reviewed articles were selected from an extensive search of the literature in the English language, including major computerized-databases (PubMed and SPORT Discus) and library holdings of sport sciences journals. In addition, a manual search was performed on East European journals published in English (e.g., Kinesiology and Biology in Sport). Search terms included, among others, volleyball, volleyball players, adolescent volleyball players, volleyball tests, and volleyball physiology. The articles included in this review were those reporting on volleyball players of amateur through elite status. We defined the term adolescence as the period of development between the ages 8-19 years in girls and 10-22 years in boys (19) . We chose an age criterion of under 19 years, after which virtually all girls and most boys can be considered adults. Articles that pooled data for both female and male players were excluded. Thirty-one articles conforming to our criteria were included in this review.
Physical Characteristics
A summary of the physical characteristics of the female and male adolescent players across the reviewed studies is presented in Tables 1 and 2 , respectively. In most studies percent body fat was estimated from skinfold measurements which have a standard error of the estimate (SEE) of 3.4-3.9% fat (44) , depending on the number of skinfold sites and the formulas used. Comparisons should be made, therefore, with caution.
Female Players
The description and the understanding of physical characteristics are of importance, since variations in physiological [e.g., vertical jump (VJ), speed] and skill (e.g., spike, feint) performances can be explained to some extent by the anthropometric data (29) . Height, body mass, and percent fat values ranged from 141 ± 6.6 cm in 10 year-old players (18), 31.26 ± 4.56 kg in 8-9 year-old players (25) , and 17.2 ± 3.8% in 16 year-old players (39) to 182.19 ± 5.88 cm in 14-17 year-old players (31) , 68.4 ± 1.3 kg in 16 year-old players (6) , and 25% in 13-14 year-old players (25) , respectively. For comparison, the average height and body mass for 16-year old American females are 161.9 cm and 63.0 kg, respectively (11) . One specific example suggested that Czech players aged 8-14 were taller and slimmer than the Czech standards from 1981 (25) . Similarly, Malina (18) reported that players aged 9-13 had a similar body mass but were taller than average American girls.
Three studies (9, 21, 36) showed increased height and body mass as age increased while one showed no significant differences (39) . In the latter study, the lack of differences may have been due to the small differences in age (from 14 to 16 years).
In one study (36) , significant correlations among 14 anthropometric measurements as well as players' proficiency in several aspects of the game, such as attacking, blocking, and serving, were reported. For example, the tallest and heaviest 186.7 ± 4.6
Starters:
75.6 ± 5.9 Nonstarters:
71. 66.6 ± 8.5
11.8 ± 6.0 Skinfold measurements; Siri equations 58.75
Note. %BF = percent body fat; FFM = fat-free mass; * Data not provided in text, calculated by authors.
Table 2 (continued)
girls were the most proficient at blocking. Another study (30) found similar results: the most successful players at attack, block, and reception were taller, heavier, and had larger circumference dimensions than the less successful players. In addition, taller and heavier girls comprised 25% of the players in teams ranked 1-6 in the Youth European Championship compared with only 12.5% in teams ranked 7-12 in the Championship (31) . One study (6) suggested that national and state-level players in Australia had lower skinfolds measurements than novice players. In contrast, no differences in height, body mass, or percent body fat were found between starters and nonstarters of a high school team (39) .
Conflicting results were observed when volleyball players were compared with athletes of other sports. While no anthropometric differences were found between basketball and volleyball players in one study (41) , another study (14) reported that volleyball players tended to be the tallest and heaviest of skaters, swimmers, and tennis players (aged approximately 14 years). Similarly, volleyball players were taller than handball players (age = 17.8 ± 1.2), while no differences were seen in body mass and body fat (23) .
Male Players
Height, body mass, and percent fat values ranged from 150.5 ± 5.9 cm, 42.0 ± 6.0 kg, and 17.3±.4%, respectively, in a group of 10-11 year-old players (12) to 198.7 ± 5.5 cm, 88.4 ± 6.4 kg, and 8.3±.9%, respectively, in a group of under-19 Brazilian elite players (37) . In comparison, the average height and body mass for 16 year-old American males are 175.3 cm and 69.0 kg, respectively (11) .
In one study (12) , while no differences in height and body mass were found between volleyball players and nonathletes in the 10-11 age-group, 15-16 yearold players were reported to be taller and heavier than nonathletes. These results are in line with findings from another study (42) reporting that 14-15 year-old Italian amateur volleyball players were taller and heavier than sedentary Italians of a similar age.
Three studies examined the relationship between the proficiency of players and anthropometric measurements (6, 8, 16) . While two studies failed to find differences in anthropometric measurements based on proficiency level (8, 16) , one study (6) indicated that national players were taller than state and novice players. Another study (5) found no differences in anthropometric measurements between centers, hitters, opposites, and setters in players aged 16-19 years. Nevertheless, anthropometric data cannot be completely disregarded, since successful players require a combination of well-developed motor, physiological, and anthropometric characteristics to achieve a high level of proficiency (8) .
Different types of physical training did not seem to affect body mass and percent fat in adolescent volleyball players. In one observational study that followed under-19 elite Brazilian players through 18 weeks of training (37) , and in another experimental study assessing an eight-week conditioning program (7), training did not influence body mass or percent fat. In the latter study (7) the main objective of the training program was to improve a number of volleyball skills rather than to enhance the physiological performance. In the former study (37) , it was suggested that the elite players began the training in such a physical condition (8-9% body fat) that the applied loads could not have induced significant adaptations over an 18-week period.
Physiological Attributes
Comparisons of physiological measurements between studies should be made with caution, as different testing protocols can lead to different results. For example, VO 2 max values differ when they are measured on a cycle ergometer or treadmill than when estimated from a field test.
Aerobic Capacity
Female Players. Only five studies examining VO 2 max were found. One study (20) reported estimated VO 2 max values of 42 mlO 2 ·kg¯1·min¯1, based on a submaximal cycle ergometry test in nineteen 14-15 year-old girls from a local high-school volleyball team. Another study (6) estimated VO 2 max values of 37.0±.8, 39.3±.7, and 41.2±.9 mlO 2 ·kg¯1·min¯1 in novice, state-, and national-level players, respectively (approximate age = 15 years old). Estimation was based on a multistage field fitness test. VO 2 max values, as measured on a maximal treadmill test, were 46.6 ± 2.9 and 56.7 ± 4.17 mlO 2 ·kg¯1·min¯1 in high-school volleyball and basketball players in Japan (age = 17.5 years), respectively (41) . A study that compared tennis players, skaters, swimmers, and volleyball players (ages = 12-17) found similar VO 2 max values in all groups (14) . VO 2 max of the volleyball players was 48.9 ± 3.6 mlO 2 ·kg¯1·min¯1. Lastly, V0 2 max values of 46.3-49.2 mlO 2 ·kg¯1·min¯1 were estimated from a 1000-m run over a training period of eight months in 14-15 year-old players who were between the 4th and 5th Tanner stages (1).
Rowland (27) reported that VO 2 max relative to body weight does not increase and actually decreases as girls mature. Hence, differences in VO 2 max are probably due to factors such as genetics, selection, and training rather than the effects of maturation.
Male Players. Four studies estimated VO 2 max values using a multistage fitness test in which players ran back and forth along a 20-m track, keeping in time by a series of signals. In one study (6), VO 2 max values were 41.2 ± 1.2, 49.8±.1, and 50.6 ± 1.4 mlO 2 ·kg¯1·min¯1 for novice, state, and national players, respectively (approximate age = 15 years old). In another study (8) , VO 2 max values of 43.0 ± 6.1 and 41.4 ± 3.5 mlO 2 ·kg¯1·min¯1 were found in junior players (age = 15.5 ± 1.0 years) who were selected and nonselected, respectively, to a volleyball talent search program. A third study estimated VO 2 max values of more mature setters, hitters, centers, and opposites (age = 17.5±.5 years) and found values of 46.9 ± 4.9, 51.1 ± 3.7, 50.4 ± 3.7, and 48.3 ± 6.7 mlO 2 ·kg¯1·min¯1, respectively (5).
Lastly, Gabbett et al. (7), found no significant differences in estimated VO 2 max values of talent-identified junior players (age = 15.5±.2 years) before (40.8 ± 1.1 mlO 2 ·kg¯1·min¯1) and after (43.2 ± 1.1 mlO 2 ·kg¯1·min¯1) an 8-week skill-based training program. Since VO 2 max relative to body weight remains stable throughout the growing years in boys (27) , the described differences in VO 2 max are probably due to genetics, selection, and training rather than the effects of maturation.
Strength and Power
Female Players. In one study (21) , VJ (with arm swing allowed) values of 12-14 year-old players were 33.22 ± 6.07 cm and those of 15-17 year-old players were 37.42 ± 5.74 cm. In another study (13) (11), suggesting that the highest-ranked players have excellent leaping abilities. The importance of jumping ability was revealed in one study (31) reporting that players from teams that were ranked 1-6 had better jumping abilities than players in teams ranked 7-12 in a European Youth Volleyball Championship.
In a study of 50 high-school players (39) in which the VJ protocol allowed arm swing, varsity players had significantly higher VJ values (43.6 ± 5.6 cm) compared with junior varsity (35.6 ± 5.9 cm) and freshman (37.8 ± 7.1 cm) players. However, when VJ values were converted to power, the differences between the varsity players and the freshman players were not significant (836.9 ± 79.9 and 782.2 ± 52.7 W, respectively). Similar values were reported for national (45.7± .6 cm), state (41.5 ± .9 cm), and novice (35.9 ± 1.4 cm; 6).
The effect of aquatic plyometric training (APT) on VJ was examined in 19 players (age = 15 ± 1 years; 20). The APT exercises included power skips, spike approaches, bounding, continuous jumping, squat jumps, and depth jumps. VJ protocol included a jump with arm swing allowed. VJ values improved by 11% in the APT group compared with 4% in a control group participating in regular training. This study suggested that APT could provide comparable benefits to land-based plyometric training, with a lower risk of muscle soreness and/or overtraining (20) .
With the exception of the VJ values reported by Katic et al. (13) , and those found in Gabbett and Georgieff's (6) study, the VJ values of adolescent volleyball players were reported to be similar to those of the population at large: the 50th percentile rank for VJ is 36.8 cm in 13-14 year-old females, and 39.4 cm in 15-16 year-old females (13) . These observations can be explained by the fact that most studies examined amateur players rather than highly-talented players.
Male Players. One study (8) found higher values for VJ and spike jump (arm swing allowed in both jumps) in players aged 15.5 ± 1.0 years who were selected to a volleyball talent search program (46.0 ± 11.2 and 50.7 ± 13.6 cm, respectively) compared with those not selected (41.9 ± 10.9 and 47.5 ± 12.8 cm, respectively). Another study (6) found higher VJ and spike jump values (arm swing allowed) in novice (48.5 ± 1.0, 53.6 ± 1.1 cm), state (63.3 ± 3.2, 71.9 ± 2.9 cm), and national (54.6 ± 2.2, 65.8 ± 3.7 cm) players (approximate age = 15 years). In older adolescents (age = 16-19 years) VJ values were: setters (42.8 ± 8.1 cm), hitters (49.0 ± 5.7 cm), centers (47.2 ± 5.1 cm), and opposites (42.0 ± 5.1 cm; 5).
Standing VJ and VJ with approach were measured six times over a 15-month period in 15 players (age = 16.4 ±.82 years; 16). Values of both jumps improved over time. Starters had higher values of VJ with approach than those of nonstarters in the last testing session of the 15-month period (71 ± 5.3 vs. 66.1 ± 8.3 cm, respectively).
The relationship between values of VJ and power measured by the Wingate Anaerobic Test (WanT) were examined in 10-11 and 15-16 year-old players (12) . Significant relationships were found between VJ and peak power (r = .86, p < .001), VJ and average power (r = .86, p < .001), and VJ and the lowest power (r = .56, p < .01). These relationships indicate that a VJ jump test can provide valid information on players' anaerobic power (12) . Muscle power is of importance to volleyball players; young players (age = 15) appear to have higher power values than nonathletes (22) .
Since VJ is of importance to volleyball players, improving this skill can enhance game performance. Two studies examined the effects of training on VJ performances (17, 37) . In one study (37) , the jumping performance of 11 players of the Brazilian under-19 team (age = 18.0 ± .5 years) improved over an 18-week training period composed of weight training, endurance training, jumping training, anaerobic capacity training, and stretching training. Five types of VJ tests were performed: squat jump (SJ), counter movement jump (CMJ), jump anaerobic resistance test (JAR; 15 s of continuous jumping), attack jump (ATJ), and block jump (BLJ). In the SJ, CMJ, and JAR, hands were kept on the waist throughout the tests. The values of ATJ and BLJ increased the most (by approximately 10 cm from baseline to Week 9). It was suggested that ATJ and BLJ may be better suited than SJ and CMJ for testing training effects on jumping performance in volleyball.
In the second study (17) , an electromyostimulation (EMS) training consisting of three weekly sessions over the first 30 days of a 40-day training program improved SJ, CMJ, and 15-s consecutive CMJ by 5-6% by day 40 in 12 regionallevel players in the Italian Volleyball Federation League. Hands were kept on the waist throughout the tests. It was suggested that EMS training can be useful in increasing VJ in volleyball players.
Agility and Speed
Female Players. In one study (21) , no significant differences in agility and speed were found between players of two age groups (12-14 and 15-17 years). In another study, high-school varsity team players (age = 16.04 ± .64 years) showed significantly greater agility than junior varsity (age = 15.65 ± .63 years) and freshman (age = 14.12 ± .61 years) team players (39) . The agility test required the players to rapidly change directions through a symmetrical maze of cones. Agility and speed performances were also better in national-level players compared with state-level and novice players in Australia (age = 15.6 ± .1 years) (6) .
In another study (36) , agility and speed as measured by a shuttle zig-zag run were found to be related to the efficiency of ball reception (partial correlation coefficient = -.58). Ball reception efficiency was assessed on the basis of at least four games, by recording a grade from 1 (excellent) to 5 (failed) during each game.
Lastly, 197 players (age = 14-17 years) were ranked based on their individual quality within the team as well as based on the quality of the team as a whole (13) . A series of agility and speed tests were performed by the players. Data were presented separately for the 14-15 group and the 16-17 group. In both groups, performance in the tests improved from the lowest-ranking to the highest-ranking players.
Male Players. In one study (8) , no significant differences in a 5-m sprint test, a 10-m sprint test, and an agility test were indicated in 28 players (age = 15.5 ± 1.0 years) who were trying out for a volleyball academy. Similarly, in a 15-month follow-up of 15 players (age = 16.4 ± .82 years; 16), no differences were observed between starters and nonstarters. However, improvements were found in a 10-m sprint test, a 20-m sprint test, and an agility test over time.
While no differences in sprint times were found between national, state, and novice players in Australia (age = 15.6±.1; 6), national-level players (9.9 ± .17 s) and state-level players (9.76 ± .15) performed better on an agility test compared with novice players (10.47 ± .18). Improved performance of national-level players may reflect the higher training and competition intensity at that level (6) .
Only one study that examined agility and speed before and after a training program was found (7). Twenty-six junior players (age = 15.5 ± .2 years) underwent agility and speed tests before and after an 8-week skill-based training program designed to develop volleyball fundamentals such as blocking, game tactics, passing, positioning, setting, serving, and spiking. Speed and agility improved significantly from the pre-to posttraining phases. These improvements are noteworthy since the training program was not designed to improve physiological performance per se. It was proposed that the improved agility may have been due to increased running speed as well as improved perception and decision-making skills.
Volleyball Skills
Female Players. In one study, serving and spiking velocity were tested in two groups of players (ages = 12-14 and 15-17 years) of a volleyball club (21) . While no significant differences in spiking velocity were found between groups, serving velocity was higher in the 15-17 group (17.3 ± 1.61 m·s¯1) than in the 12-14 group (14.8 ± 2.63 m·s¯1). Serving velocity had a moderate correlation with age (r = .71) while spiking velocity correlated weakly with age (r = .32). In another study of 77 players (age = 13-15 years; 30), performances of various basic fundamentals of the game (e.g., attacking and blocking) were recorded during actual volleyball games. Recording of game performance was performed using a specialized computer program (33) , used also in other studies (e.g., 28, 32, 35) . It was found that the players performing best in attack, block, and reception were also the taller and heavier among the players who took part in the study.
In a study of 50 high-school players (39), the varsity team players (age = 16.04 ± .64 years) outperformed the junior varsity (age = 15.65 ± .63) and the freshman team players (age = 14.12 ± .61) in four volleyball skills-bump-set, forearm pass, overhead volley, and wall spike. In addition, starters (age = 15.3 ± 1.0 years) outperformed the nonstarters (age = 14.8 ± 1.1) in all four skills.
In another study (9) , six volleyball skills (blocking, field defense, serving reception, serving, setting, and spiking) were assessed in 246 players who were divided into four age groups: 12-13, 14-15, 16-17, and 18-19 years. A significant improvement in serving, setting, and spiking was indicated in the 14-15 and the 16-17 groups. Significant improvement in blocking and serving reception was observed in the 16-17 and the 18-19 groups. The best predictor of playing quality was serving in the 12-13 group, blocking and spiking in the 14-15 group, spiking and blocking in the 16-17 group, and field defense in the 18-19 group. It appears that the easier techniques to master are learned first, while the more complex techniques take longer to master (9) .
In a similar study that assessed the same skills (13), 14-15 and 16-17 year-old players were ranked based on their quality within the team as well as on the quality of the team as a whole. The highest ranked players in both age groups demonstrated better performance in all six skills assessed in the study compared with the lowest ranked players. In addition, the players aged 16-17 years achieved better results than the players aged 14-15 years in a series of motor tests (e.g., double-hand tapping, foot tapping, foot tapping against the wall, and hand tapping). The differences in volleyball performance in this study were thought to be due to the process of selection rather than the training process per se (13) . In fact, another study using a factor analysis (10) suggested that performance was predominantly determined by longitudinal skeleton dimensions (mostly height) and muscle tissue.
Another study (34) examined the relationships among 21 computerized tests of psycho-physiological properties (e.g., auditory and visual reaction time and perception of speed of a moving object) and players' efficiency in basic fundamentals of the game in 32 high-level players (age = 13-16 years). The best predicted fundamentals were blocking (98%), attacking (80%), and feinting (60%). It was suggested that psycho-physiological tests have good prospects in the understanding of volleyball, and these tests should be used in assessing individual player's characteristics.
Male Players. One study (8) examined the accuracy and technique of four volleyball skills (passing, serving, setting, and spiking) in junior players (age = 15.5 ± 1.0 years) who were trying out for a volleyball academy. Players who were ultimately selected for the program were better at passing accuracy, as well as at spiking, serving, and passing technique. However, passing technique and serving technique were not found to be good predictors for talent identification in volleyball. It was indicated in this study that selected skill tests can discriminate between junior players selected to a talent-identified program and those who were not selected (8) .
In another study (15) , serving accuracy in rested conditions and after physical exertion conditions were similar in elite and near-elite adolescent players. Elite players were members of an adult Division 2 team in Israel (age = 16.4 ± .82 years) and near-elite players were members of a high-school team competing in the Division 1 high-school league (age = 16.3 ± .53 years).
Finally, in another study (7), four volleyball skills-passing, serving, setting, and spiking-were tested after an 8-week skill-based training program designed to develop technique and accuracy as well as game tactics and positional skills in 26 talent-identified junior players (age = 15.5 ± .2 years). After eight weeks, accuracy significantly improved in spiking (+76%), setting (+335%), and passing (+40%), while serving accuracy showed only a trend for improvement (+15%). Training also induced a significant improvement in technique in passing (+29%) and spiking (+24%). When summing up the results of all the tests, a general improvement of 21% in technique and 117% in accuracy can be determined. The large improvement in accuracy most likely reflected the poor performance of the players before training. It is assumed that such a training program would not induce such great improvement in more proficient players.
Physical Characteristics and Physiological Attributes-The Existing Interrelationships
Four key points can summarize the interrelationships between the physical characteristics and physiological attributes discussed in this review: a. In female adolescent players, anthropometric data are correlated to volleyball skills' proficiency and to game performance. In general, a taller and heavier body is related to better game proficiency. Unfortunately, the scarce data in male players project conflicting results regarding the relationships between anthropometrics and game proficiency. b. In both male and female players, VJ is higher in highly skilled players than players of lesser abilities. In addition, VJ performance appears to increase as children grow older. The combination of a tall stature and superb VJ abilities seems to differentiate elite players from players of lesser skills. c. While there is not enough evidence to establish a relationship between agility and speed and player performance in male players, it appears that agility and speed are related to players' skill in female players. d. Basic volleyball skills, such as blocking, spiking, and feinting, are related to players' success in both male and female players. In addition, these skills develop as children grow older, with the more complex skills developing at later ages rather than the more basic skills.
While data in male adolescent players are generally lacking and those that do exist are somewhat conflicting, these four key points suggest that the successful adolescent volleyball player is tall with a relatively high body mass. In addition, he or she has excellent leaping abilities and is fast and agile. These players perform basic volleyball skills better than their less skilled peers. Lastly, as these players grow older they seem to improve their performances in game skills and physiological abilities.
What Can We Learn From the Reviewed Studies?-Six Methodological Concerns
Analyses of the designs of the reviewed studies revealed a number of methodological concerns. Before implementing the findings from these studies, the following concerns should be taken into account by both researchers and practitioners:
a. The lack of information on the exact chronological age of the players participated in the reviewed studies. In most studies, the information on how the mean average of the age of the players was calculated is missing. For example, if the age of one of the adolescent players is 14 years, does it refer to his or her birth date (e.g., 14.2, 14.4), or to another value reflecting six months before and after his or her birth date (e.g., 13.50-14.49)? More precise information on the chronological age of the players in the reviewed studies can allow for better comparisons among studies.
b. The lack of information on the maturational stage of the players participating in the reviewed studies. Maturation affects anthropometrics, body composition, and physiological variables (19) . In most of the studies, information on maturational age (e.g., skeletal age, secondary sex characteristics, and age at peak height velocity) was not provided. While older adolescents, especially girls, are usually already mature, maturity status is important in younger adolescents. In comparison, forming maturity groups of similar chronological ages (while not without limitations) can be useful in explaining variations in performance (19) . Preferably, maturational assessment should be clinically assessed rather than self-assessed by the players. c. The lack of longitudinal studies. Most of the studies reviewed in this article lack a longitudinal approach. In only one study (16) was a longitudinal approach adopted, enabling the researchers to collect data throughout a 15-month training program. In a longitudinal study, a group of athletes was observed over a long period of time (40), during which various dependent variables were collected, analyzed, and interpreted. The conduction of longitudinal studies allows the researcher to obtain relevant information on developmental stages of the athlete. In the case of adolescent volleyball players, it would be interesting to examine their physical characteristics and physiological attributes over a number of years of training, as well as the contribution of the training to these characteristics and attributes. In addition, the use of the longitudinal approach can provide relevant information on developmental stages of female and male players not only at different ages but also at different skill levels. Adopting a longitudinal approach can help both researchers and practitioners increase their understanding of the interrelationships among the physical characteristics, physiological attributes, and skill levels in adolescent players across a number of years of professional development. In addition, this approach can help in the understanding of behavioral changes that occur with age in the young players as well as of other developmental factors, among them the timing and tempo of the growth spurt and sexual maturation (19) . Although it can be difficult for researchers to deal with methodological issues such as player dropout and injury while collecting data in a longitudinal process, it is recommended that this approach be used to obtain the relevant information on the multiyear developmental aspects of adolescent players. d. The lack of experimental studies. Only a few experimental studies were conducted on adolescent volleyball players (e.g., 7, 20) . Although the sample size of the elite adolescent volleyball players taking part in experimental studies can be small, due to the size of the team (e.g., 15-17 players; see 16) , those studies are of importance in examining the contribution of environmental factors to the development of adolescent volleyball players. By conducting experimental studies, researchers and practitioners can increase their theoretical and practical knowledge of the actual contribution of different training programs (e.g., strength and conditioning training, specific skills programs), testing devices (e.g., agility and speed tests, power and strength tests), or protocols of physical tests to the achievement of adolescent volleyball players. Experimental studies should examine the effectiveness of learning/training environments on task-specific volleyball skills. Among the research questions that can be asked in these studies are: What is the optimal age to start developing VJ performance in adolescent players? At what age should players practice according to their playing position? What are the most effective techniques for improving agility in adolescent players? And, do agility techniques match the needs of both female and male players? It is assumed that if answers are provided for these questions, coaches will be able to develop effective training programs that match the individual needs of their players. e. The relative lack of data on volleyball-specific skills. Only a few studies examined the development of volleyball-specific skills such as passing, serving, setting, and spiking and their association with the physical characteristics and physiological attributes of adolescent players (e.g., 9,31). Obtaining relevant information on the existing interrelationships between the physical characteristics, physiological attributes, and skill level in adolescent players should help volleyball coaches develop effective practice environments for the benefits of their players. This might also help them predict the future volleyball performance of their players. f. The lack of studies with data on players' performances during actual games. In only a few of the reviewed studies were data collected on physical and physiological performances of players during actual games (e.g., 9,24,34). To plan effective volleyball training programs and strength and conditioning programs for adolescent volleyball players, more information should be gathered on the actions players perform during an actual game. A systematic analysis of the main actions demonstrated by the players during the game should be made, and then, based on this analysis, field observations should be conducted on players of different skill levels as well as on players playing different positions. It is suggested that game analyses performed on other ball games (e.g., soccer; 38) be adapted for volleyball. For example, quantifying the actions performed by volleyball players in both the defensive and offensive aspects of the game should be helpful for the volleyball coach in planning their training programs effectively.
Practical Recommendations for Volleyball Coaches and Strength and Conditioning Coaches
Based on the reviewed studies, as well as on the six methodological concerns discussed in our review, four practical tips for volleyball and strength and conditioning coaches are provided, as follows. First, it is recommended that the tests most appropriate for assessing abilities in the players should be carefully selected. It is also recommended that the same test be used for comparing achievements in a specific ability among the volleyball players. As reported in this review, there are a large number of different tests assessing physiological attributes in adolescent volleyball players, such as agility and speed, and strength and power that can yield different values.
Second, volleyball training programs should be planned for the players according to their playing positions. Centers, hitters, opposites, and setters have different physical characteristics and physiological attributes. Ultimately, volleyball and strength and conditioning coaches should plan their training programs according to the unique characteristics of each player.
Third, to develop appropriate training programs aimed at improving skill as well as the conditioning and strength in adolescent players, actions performed by the players during actual games should be also considered, among them blocking, serving, and spiking.
Fourth, volleyball coaches should adopt a cautious approach when attempting to predict the success of players based on their physical characteristics and on the results obtained from physiological tests. Although a number of actions such as the standing vertical jump and the vertical jump with approach were found to be good performance predictors, there are many other physiological and psychological factors that are associated with achievement in volleyball.
